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FKDUDFWHUL]H D QDWXUDO IDPLO\ RI EHQFKPDUNV ZKLFK W\SLFDOO\ EHFRPHV
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WLRQ￿
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 , QWU RGXFWLRQ
$O WKRXJKL Q WKHRU\ pUP V L Q Y DUL RXV P DUN HWV DUH VXSSRVHG WR RSHUDWH Hr 
FL HQWO \QXP HURXV HP SL UL FDOVWXGL HV KDY H VKRZ Q WKH RSSRVL WH2 I WHQ VXFK HI 
pFL HQF\VWXGL HV UHY HDOT XL WH D O DUJH SRWHQWL DOI RU SHUI RUP DQFH L P SURY HP HQWV
) RU H[ DP SO H % HUJHU 	+XP SKUH\ pQG WKDW WKH DY HUDJH WHFKQL FDOHI 
p F LH Q F \ V F R U H IR U E D Q NV LV E H OR Z    LH  V X J J H V W D Q D YH U D J H LP S U R YH P H Q W
SRWHQWL DORIDURXQG    EDVHG RQ D VXUY H\RI Hr FL HQF\VWXGL HV
$ V SDUW RID P DQDJHP HQW VWUDWHJ\ EHQFKP DUN L QJ DSSHDUV WR EH D QDWXUDO
DQG RI WHQ XVHG WHFKQL T XHWR L P SURY HSHUI RUP DQFHRQ DO O O HY HO VRI RUJDQL VDWL RQ
, P SO L FL WO \WKH P DQDJHP HQW XVHV EHQFKP DUN L QJ Z KHQ WKH\VHW XS SURGXFWL RQ
DQG WDUJHW SO DQV( [ SO L FL WO \ VRP H pUP V XVH D VSHFL pF EHQFKP DUNXQL W HL WKHU
L QWHUQDORU H[ WHUQDO  L Q D SURFHVV Z KHUH WKH\WU\WR O HDUQ DQG FRS\  FHUWDL Q
HO HP HQWV RIWKH SHUI RUP DQFH RIWKH SHHU6XFK D EHQFKP DUN L QJ SURFHVV FRQ
VL VWV RIVHY HUDOVWHSV UDQJL QJ I URP SO DQQL QJ WR L P SO HP HQWDWL RQ VHH H J& DP S
 DQG DQ L P SRUWDQW SDUW L V WKH L GHQWL pFDWL RQ RIEHQFKP DUN V
5 HFHQWO \ WKH ; HUR[FRUSRUDWL RQ KDV EHHQ SDUWL FXO DUO \N QRZ Q I RU L WV XVH
RI EHQFKP DUN L QJ WHFKQL T XHVEXWDO VR VHY HUDO RWKHUP DM RUFRP SDQL HV$7 	 7 
) RUG 0 RWRU, % 0 HWF  KDY H EHHQ L QY RO Y HG Z L WK EHQFKP DUN L QJ L Q WKH H[ SO L FL W
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6HHI RU H[ DP SO H(O P XWL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 DQG 9RVV HW DO  I RU HP SL UL FDO
VWXGL HV
$V RQH RIWKH RY HUDO OFRQFO XVL RQV I URP WKHVH VWXGL HV(O P XWLRS FL WpQGV
WKDW
?XQFOHDU DQG LQDGHTXDWHO\ XQGHUVWRRG REMHFWLYHV DQG JRDOV RI EHQFK
PDUNLQJ SURMHFWV LV UDQNHG pUVW DPRQJ DOO WKH FULWLFDO IDFWRUV IRU
EHQFKPDUNLQJ SURMHFWV IDLOXUH S    
7 KH SUHVHQW SDSHU SURY L GHV DQ DSSURDFK WR L GHQWL I \EHQFKP DUN V WKDW GHDO V
GL UHFWO \ Z L WK WKHVHSUREO HP VL Q WKHEHQFKP DUN L QJ SURFHVVE\ HQI RUFL QJ DQ H[ 
SO L FL WGHVFUL SWL RQ RI WKH SURGXFWL RQ DFWL Y L W\ DVZ HO O DVRI D VHWRI I XQGDP HQWDO
SUL QFL SO HV I RU EHQFKP DUNVHO HFWL RQ, Q I DFWDV QRWHG E\9RVV HW DO RS FL W
RQH RIWKH P DL Q DGY DQWDJHV RIEHQFKP DUN L QJ VHHP V WR EH WKDW L W SURP RWHV
WKH SHUI RUP DQFH GL UHFWO \WKURXJK L GHQWL pFDWL RQ RISUDFWL FHV DQG SHUI RUP DQFH
JRDO V
3URGXFWL RQ HFRQRP L FVH J DVL Q 'HEUHX 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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L FDOP RGHORIEHQFKP DUNL GHQWL pFDWL RQ(DFK pUP RU EUDQFKGHSDUWP HQW
WHDP HWF  L V FRQVL GHUHG DV D SURGXFWL RQ SO DQ FRQVL VWL QJ RID pQL WH QXP EHU
RIL QSXWV DQG RXWSXWV Z KL FK Z L O OEH FRQVL GHUHG DV QHW RXWSXWV￿7 KHpU PV
DUH RSHUDWL QJ XQGHUVRP H VSHFL pHG SURGXFWL RQ WHFKQRO RJ\ L Q WKH QHWRXWSXW
VSDFH7 KH WHUP ?QHWRXWSXW L VQRWWR EH WDN HQ WRR O L WHUDO O \L Q D SK\ VL FDO
VHQVH VL QFHI RU H[ DP SO HDQ L QGH[RIFXVWRP HU VDWL VI DFWL RQ P D\HQWHU WKH
P RGHODV DQ RXWSXW FDWHJRU\ $V VXFK P RVW T XDQWL pDEO H DVSHFWV RISHUI RU
P DQFH FDQ EH P DGH WR pW WKH P RGHO  , QGHHGP RWL Y DWHG E\DSSO L FDWL RQV
UHFHQW UHVHDUFK KDV WUL HG WR EURDGHQ WKH VFRSH RIWKH SURGXFWL RQ P RGHOE\
L QFRUSRUDWL QJ Y DO XH M XGJHP HQWV HWF VHH H J$O O HQ HWDO DQG 7 KDQDV
VRXO L V DQG $O O HQ 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% DVHG RQ D SURGXFWL RQ HFRQRP L F P RGHOWKH SUHVHQW SDSHU L QWURGXFHV DQ
D[ L RP DWL F DSSURDFK WR EHQFKP DUNL GHQWL pFDWL RQ7 KDW L VZ H VSHFL I \D VHW RI
D[ L RP VZ KHUH HDFK D[ L RP UHSUHVHQWVD I XQGDP HQWDO SUL QFL SO H I RUEHQFKP DUN
VHO HFWL RQ DQG VKRZWKDW WKHVH D[ L RP V FKDUDFWHUL ]H RQHRU SRVVL EO \D VP DO O
FO DVVRIVHO HFWL RQV SURFHGXUHV
7 R VSHFL I \ D QXP EHURI JHQHUDO VHO HFWL RQ SUL QFL SO HVKHO SVWR HQVXUHD FRQ
VLVWHQW EHQFKP DUN L QJ SURFHGXUHDVZ HO O DVRSHQQHVV L Q WKH EHQFKP DUNL GHQWL 
pFDWL RQ SURFHVV2 SHQQHVVL VL P SRUWDQWI RUWKH VXEVHT XHQWO HDUQL QJ SURFHVV
I RO O RZ L QJ WKH L GHQWL pFDWL RQ RIEHQFKP DUN V, IWKH P DQDJHP HQW P RUH RU O HVV
GL FWDWRUL DO O \SHUI RUP WKH EHQFKP DUNL GHQWL pFDWL RQ VRP H JURXSV RIL QWHUHVW
Z L WKL Q WKH pUP P D\QRW KDY H L QFHQWL Y HV WR HDVH WKH VXEVHT XHQW L P SURY HP HQW
DQG DGDSWDWL RQ SURFHVV+RZ HY HUL IWKH P DQDJHP HQW VXFFHHG L Q REWDL QL QJ
Z L GHVSUHDG DJUHHP HQW RQ D VHW RIRY HUDO OVHO HFWL RQ SUL QFL SO HV WKH VSHFL pF UH
VXO W RIWKH EHQFKP DUNL GHQWL pFDWL RQ SURFHGXUH L V P RUH O L N HO \WR P HHW JHQHUDO
DFFHSWDQFH, Q RWKHUZ RUGV FRQVL VWHQF\ DQG RSHQQHVVKHO SVWR L QGXFH RUJD
QL ]DWL RQDOO HDUQL QJ
7R W D NH W K LV S R LQ W D E LW IX U W K H U  ,I E H Q F K P D U NLQ J LV YLH ZH G D V D Q D OW H U 
QDWL Y H WR SHUI RUP DQFH HY DO XDWL RQ L Q WKH VHQVH RIHr FL HQF\RUSURGXFWL Y L W\ 
D Q D O\V LV W K H D E LOLW \ W R LQ G X F H R U J D Q L] D W LR Q D O OH D U Q LQ J E H F R P H V D F H Q W U D O D U J X 
P HQW L Q I DY RU RIWKH EHQFKP DUNDSSURDFK) RO O RZ L QJ D VWUHDP RIO L WHUDWXUH
R Q R U J D Q L] D W LR Q D O OH D U Q LQ J LQ LW LD W H G E \ &K U LV $ U J \U LV  F I H J  / H LE H Q V W H LQ
DQG 0 DL WDO WKH P DL Q VRXUFH RIWHFKQL FDOL QHr FL HQF\L Q RUJDQL ]DWL RQV
LV CG H IH Q V LYH E H K D YLR X U 
 LQ W K H V H Q V H W K D W S H R S OH D U H R IW H Q U H OX F W D Q W W R D G P LW
WKDW WKL QJV FDQ EH GRQH EHWWHU WKDQ VWDWXV T XR7 R HY DO XDWH RUJDQL ]DWL RQV XV
￿ 7KDW LV￿ RXWSXWV DUH LQGLFDWHG E\ SRVLWLYH QXPEHUV DQG LQSXWV DUH LQGLFDWHG E\ QHJDWLYH
QXPEHUV
LQ J  IR U H [D P S OH  S U R G X F W LYLW \ D Q D O\V LV V H H P V W R LQ W H Q V LI\ G H IH Q V LYH E H K D YLR X U
UDWKHU WKDQ WR HDVH WKH O HDUQL QJ SURFHVV8 VL QJ WKH EHQFKP DUNDSSURDFK RQ
WKH RWKHU KDQG VHHP V L Q D P RUH GL UHFW Z D\WR L QGXFH O HDUQL QJ DQG DGDSWDWL RQ
SURFHVVHV
8QGHU Y HU\Z HDNDVVXP SWL RQV RQ WKH SURGXFWL RQ WHFKQRO RJ\Z H VKRZ
WKDWWZ R VL P SO H DQG Z HDN D[ L RP VHr FL HQF\ DQG FRP SUHKHQVL Y H P RQRWRQL F
L W\ FKDUDFWHUL ]H WKH EHQFKP DUNVHO HFWL RQ RIDQ L QWXL WL Y HO \QDWXUDOI DP L O \RI
VHO HFWL RQ SURFHGXUHVL  HSURFHGXUHV WKDW VHO HFW EHQFKP DUN V L Q SURSRUWL RQ
W R LG H D O S H U IR U P D Q F H LQ D V H Q V H W R E H P D G H S U H F LV H LQ W K H IR OOR ZLQ J  7K X V 
W K H U H V X OW R I W K H D [LR P V CH r F LH Q F \
 D Q G CF R P S U H K H Q V LYH P R Q R W R Q LF LW \
 P D \
EH FRQVWUXHG DV D JHQHUDO L ]DWL RQ RIWKH SRWHQWL DOL P SURY HP HQWV DSSURDFK
L QWURGXFHG L Q % RJHWRI W DQG +RXJDDUG , W L V DUJXHG WKDW VXFK D I DP 
LO\ R I V H OH F W LR Q S U R F H G X U H V W \S LF D OO\ U H V X OW LQ R Q H D Q G W K H V D P H E H Q F K P D U N
VHO HFWL RQ+RZ HY HU VL QFH P XO WL SO L FL W\ RIEHQFKP DUN VP D\ EH FRQVL GHUHG XQ
I RUWXQDWH I RU VRP H SXUSRVHV Z H DGG I XUWKHU D[ L RP V L Q RUGHU WR I RFXV RQ D
XQL T XH VHO HFWL RQ
% HQFKP DUN L QJ DQG SURGXFWL Y L W\DQDO \ VL V DUH FO RVHO \UHO DWHG pHO GV VL QFH
ERWK DUHDV DUH FRQFHUQHG Z L WK WKH SRVVL EO H O DFNRIHr FL HQF\ +HQFH E\SUR
Y L GL QJ D WKHRUHWL FDOI RXQGDWL RQ I RU EHQFKP DUNVHO HFWL RQ RXU DSSURDFK KDV
LP P H G LD W H D S S OLF D W LR Q W R W K H J U R ZLQ J p H OG R I S U R G X F W LYLW \ D Q D O\V LV ZK H U H
'DWD (QY HO RSP HQW $QDO \ VL V '($ L V D SRSXO DU WRRO VHH H J& KDUQHV HW DO 
 DQG & KDUQHV HW DO , W L V L P SRUWDQW WR VWUHVV KRZ HY HUWKDW WKH
IR F X V LV U D G LF D OO\ G LoH U H Q W  ,Q S U R G X F W LYLW \ D Q D O\V LV W K H D LP LV W R P H D V X U H W K H
L P SURY HP HQW SRWHQWL DOL Q SURGXFWL RQ Z KHUHDV L Q EHQFKP DUN L QJ WKH DL P L V WR
L GHQWL I \SHHU SHUI RUP DQFH DQG VHFRQGO \WR O HDUQ I URP DQG DGDSW WRWKHVH
SHUI RUP DQFH VWDQGDUGV
7K X V  E D V LF D OO\ W K H U H LV D F OH D U G LV W LQ F W LR Q E H W ZH H Q S U R G X F W LYLW \ D Q D O\V LV
DQG EHQFKP DUN L QJ Z L WK UHJDUG WR WKHL U DL P V0 RUHRY HUWKH\DO VR GL o HU I URP
D WHFKQL FDO SHUVSHFWL Y H VL QFH Hr FL HQF\ P HDVXUHVGR QRWQHFHVVDUL O \ UHO DWH WR
E H Q F K P D U NV  Q H LW K H U LP S OLF LW O\ Q R U H [S OLF LW O\  ,Q G H H G D Q H r F LH Q F \ P H D V X U H
RIWKH UHO DWL Y H C VL ]H
RIWKH GRP L QDWL QJ VHW GRHV QRW UHO DWHV WR DQ\VSHFL pF
EHQFKP DUNXQL W) XUWKHUP RUHWKH ) DUUHO OL QGH[XVHG L Q ' ( $ UHO DWHDW O HDVW
LP S OLF LW O\ W R E H Q F K P D U N V H OH F W LR Q V ^ R Q H IR U W K H LQ S X W V S D F H D Q G R Q H IR U W K H
RXWSXWVSDFH ^ EXWWKHVH VHO HFWL RQVDUH W\ SL FDO O \ QRWL GHQWL FDO 
+RZ HY HU L I Z HUHVWUL FWDWWHQWL RQ WR HL WKHUL QSXWVRURXWSXWVL WL VFO HDUWKDW
W K H U H LV V R P H OLQ N E H W ZH H Q D [LR P V IR U E H Q F K P D U N V H OH F W LR Q D Q G W K H D [LR P D W LF
O L WWHUDWXUH RQ Hr FL HQF\L QGL FHV FI H J5 XVVHO O DQG & KUL VWHQVHQ HW DO 
7 KDWL VD[ L RP V I RU Hr FL HQF\L QGL FHV P D\L QGXFH D[ L RP V RQ EHQFK
P DUNVHO HFWL RQ DQG Y L FH Y HUVD DV VKRZ Q L Q % RJHWRI W DQG +RXJDDUG 
IR U W K H LP S OLF LW )D U U H OO V H OH F W LR Q 
7 KHUH P D\EH VHY HUDODGY DQWDJHV FRQQHFWHG Z L WK WKH EHQFKP DUNVHO HF
WL RQ DSSURDFK L Q Hr FL HQF\DQDO \ VL V) L UVW RIDO O WKH FUL WHUL D I RU EHQFKP DUN
VHO HFWL RQ EHFRP H H[ SO L FL W Y L D WKH D[ L RP V DQG DUH KHQFH RSHQ I RU GL VFXVVL RQ
DV P HQWL RQHG DERY H, Q SURGXFWL Y L W\DQDO \ VL V WKL V L V SDUWL FXO DUO \L P SRUWDQW
Z KHQ RQH KDV WR FRQY L QFH WKH P DQDJHP HQW RIWKH L QHr FL HQW pUP V WKDW L W
L V C I DL U
WR P DN H D FRP SDUL VRQ Z L WK WKH VHO HFWHG EHQFKP DUNXQL W6HFRQGO \ 
UHO HY DQW Hr FL HQF\L QGL FHV FDQ EH FRQVWUXFWHG RQ WKH EDVL V RIWKH VHO HFWHG
EHQFKP DUNXQL W DO RQJ WKH O L QHV RI% RJHWRI W 	+RXJDDUG RSFL W
7 R I RFXV RQ EHQFKP DUNVHO HFWL RQ L Q UHO DWL RQ WR Hr FL HQF\P HDVXUHP HQW L V
D UHO DWL Y HO \UHFHQW SURM HFW6R I DUWKHUH KDY H RQO \EHHQ DWWHP SWV WR FRP EL QH
' ( $ ZLW K LQ W H U D F W LYH G H F LV LR Q S U R F H G X U H V IU R P 0X OW LS OH &U LW H U LD ' H F LV LR Q
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
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 6 H F W LR Q  S U H V H Q W V W K H P R G H O 6 H F W LR Q
 SUHVHQW WKH WZ R I XQGDP HQWDOD[ L RP VHr FL HQF\DQG FRP SUHKHQVL Y H P RQR
WRQL FL W\Z KL FK WRJHWKHUFKDUDFWHUL ]H D QDWXUDOI DP L O \RIEHQFKP DUNVHO HFWL RQ
SURFHGXUHV, Q 6HFWL RQ  Z H FKDUDFWHUL ]H D XQL T XH EHQFKP DUNVHO HFWL RQ SUR
FHGXUHE\ DGGL QJ WZ R D[ L RP V$r QHL QY DUL DQFHDQG & RP SUHKHQVL Y HL QGHSHQ
GHQFH RIL UUHO HY DQW SURGXFWL RQ SO DQV0 RUHRY HUZ H DVVXP H WKH H[ L VWHQFH RID
VRO XWL RQ Z L WK FHUWDL Q SURSHUWL HV RQ D VP DO OVXEFO DVV 6 Q ,W DQG VKRZWKDW
JL Y HQ WKH D[ L RP V WKHUH L V D XQL T XH H[ WHQVL RQ RIWKL V VRO XWL RQ WR HQWL UH FO DVV
6RI EHQFKP DUN VHO HFWL RQ SUREO HP V6HFWL RQ  SURY L GHVDQ H[ DP SO H6HFWL RQ
 F OR V H V ZLW K p Q D O U H P D U NV 
 7 KH PRGHO
& RQVL GHU D pUP GHVFUL EHG E\D SURGXFWL RQ SO DQ DZ KL FK FRQVL VWV RIPQHW
RXWSXWVL  HQHJDWL Y H FRRUGL QDWHV DUH L QSXWV DQG SRVL WL Y H FRRUGL QDWHV DUH
RXWSXWV^ WKDWL V D  5 P 
1RZ  DVVXP H WKDWWKH pUP RSHUDWHVXQGHUD SURGXFWL RQ WHFKQRO RJ\ <~
5 P /HW
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D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  I \  < M \ y D J 
EH WKH VHW RII HDVL EO H SURGXFWL RQ SO DQV L Q <Z KL FK Z HDN O \  GRP L QDWHV WKH
REVHUY HG SURGXFWL RQ SO DQ D  L  H WKH Z HDN GRP L QDQFH VHW
/HW<GHQRWH WKH FO DVV RIWHFKQRO RJL HV I RU Z KL FK ' D< L VF R PS D F WI R U
DO O D  5 P  7K LV F OD V V R I W H F K Q R OR J LH V LV YH U \ E U R D G D Q G LQ F OX G H V IR U H [D P S OH
& REE 'RXJO DV /HRQWL HI DQG QRQFRQY H[ WHFKQRO RJL HV
$S D L U  D<   ZK H U H D  < DQG <<LV F D OOH G D EHQFKPDUN VHOHFWLRQ
SUREOHP' HQRWH E\6WKH VHW RIVXFK SUREO HP V
/HWD P DS I 65 PZLW K I D<   < EH D EHQFKPDUN VHOHFWLRQ IR U
SURGXFWL RQ SO DQ D UHO DWL Y H WR WKH WHFKQRO RJ\<<DQG O HW( < EHW KHV H WRI
VWUL FWO \Hr FL HQW SURGXFWL RQ SO DQV L Q < LH  ( <   I \  < M '  \<  I \ JJ
, Q RUGHU WR HDVH WKH H[ SRVL WL RQ D I HZDGGL WL RQDOFRQFHSWV QHHG WR EH
GHpQHG & RQVL GHU D JL Y HQ SURGXFWL RQ SO DQ DDQG L WV Z HDNGRP L QDQFH VHW
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D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 / HW 0 M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D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  I [  5
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0 RUHRY HUO HW WKH UHIHUHQFH SURGXFWLRQ SODQ V D<   ( ' D<  b 5P
￿ ?
G D<  EH WKH P D[ L P DOHO HP HQW L Q WKH L QWHUVHFWL RQ RIWKH I UHH GL VSRVDOKXO O
RIWKH Z HDNGRP L QDQFH VHW' D< DQG WKH GL DJRQDO G D<  ) L JXUH 
S U R YLG H V D Q LOOX V W U D W LR Q R I W K H G LoH U H Q W F R Q F H S W V R I W K H S U R G X F W LR Q P R G H O LQ
FDVHRI WZ R QHWRXWSXWVRQHL QSXWDQG RQHRXWSXW7 KHL GHDO SRL QW0 D< 
L VI RXQG E\ P D[ L P L ]L QJ RXWSXWZ KL O H N HHSL QJ WKH DP RXQWRI L QSXWp[ HG DQG
E\P D[ L P L ]L QJ QHJDWL Y H L QSXW Z KL O H N HHSL QJ WKH DP RXQW RIRXWSXW p[ HG
7 KH GL DJRQDOG D<  L V WKH O L QH WKURXJK DDQG 0 D<  DQG WKH UHI HUHQFH
SRL QWV D<  L V VHHQ WR EH WKH L QWHUVHFWL RQ EHWZ HHQ WKH I UHH GL VSRVDOKXO ORI
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, Q SDUWL FXO DUO HW 6 e~6GHQRWH WKH FO DVV RIVHO HFWL RQ SUREO HP V I RU Z KL FK
WKH UHI HUHQFH SURGXFWL RQ SO DQ V D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 L V VWUL FWO \Hr FL HQWL  H
6
e  I D<  6M V D<   ( <  J
)LJXU H  ,OOXVWUDWLRQ RI WKH YDULRXV FRQFHSWV RI WKH SURGXFWLRQ PRGHO LQ
FDVH RI WZR QHW RXWSXWV
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 Z KR FKDUDFWHUL ]H D[ L RP DWL FDO O \D VR FDO O HG SRWHQWL DOL P SURY HP HQWV
VHO HFWL RQ I RUFRQY H[ L QSXWFRUUHVSRQGHQFHV
 $ VHW RI VXLWDEOH SU RSHU WLHV IRU EHQFKPDU N
VHOHFWLRQ
$ V P HQWL RQHG L Q WKH L QWURGXFWL RQ WKHUH P D\EH VHY HUDODGY DQWDJHV FRQQHFWHG
Z L WK WKH D[ L RP DWL F DSSURDFK WR EHQFKP DUNVHO HFWL RQ , Q WKL V VHFWL RQ WZ R
V LP S OH D [LR P V ZLOO E H LQ W U R G X F H G D Q G G LV F X V V H G 
) L UP V RXJKW WR VWUL Y H WRZ DUG Hr FL HQW SURGXFWL RQ DV WKL V P DN HV DGGL WL RQDO
UHVRXUFHV DY DL O DEO H FRP SDUHG WR L QHr FL HQW SURGXFWL RQ E\L P SURY HG L QSXW
X W LOL] D W LR Q  7K H U H IR U H LW LV Q D W X U D O W R G H P D Q G W K D W D V H OH F W H G E H Q F K P D U N
XQL W P XVW EH VWUL FWO \Hr FL HQW
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, II RU VRP H UHDVRQ L QHr FL HQW EHQFKP DUNXQL WV DUH SUHI HUUHGWKH SURGXF
WL RQ WHFKQRO RJ\VHHP V WR EH P L VVSHFL pHG, QHr FL HQW EHQFKP DUNXQL WV P XVW
KDY H VRP H XQP RGHO O HG T XDO L WL HV FRP SDUHG WR Hr FL HQW XQL WV ^ RWKHUZ L VH WKH\
VKRXO G QRW EH EHQFKP DUNXQL WV ^ DQG WKHVH T XDO L WL HV VKRXO G EH L QFO XGHG L Q
WKH GHVFUL SWL RQ RI WKH WHFKQRO RJ\  SHUKDSVDVDGGL WL RQDO QHWRXWSXWV
0 RUHRY HUWKHUH L V QR UHDVRQ WR O L P L W VWUL FW Hr FL HQF\WR WKH FRP SDUL VRQ
E H W ZH H Q D J LYH Q S U R G X F W LR Q S OD Q D Q G LW V E H Q F K P D U N LW V K R X OG D OV R E H D S S OLH G
WR FRP SDUL VRQV EHWZ HHQ EHQFKP DUN V JL Y HQ WKH SURGXFWL RQ SO DQ , IP RUH
SURGXFWL RQV SRVVL EL O L WL HV EHFRP H N QRZ Q UHO DWL Y H WR D JL Y HQ SURGXFWL RQ SO DQ
WKHQ WKHQHZ EHQFKP DUN VKRXO G Z HDN O \ GRP L QDWHWKHRO G EHQFKP DUN 7 KDW
LV  V R P H NLQ G R I P R Q R W R Q LF LW \ F R Q G LW LR Q V H H P V D S S U R S U LD W H ZK H Q V H OH F W LQ J
EHQFKP DUN V
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EHQFKP DUN V I D< ￿D Q GI  D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 EHFRP HV VP DO O HU WKDQ L Q WKH EHQFKP DUN
I D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1 RZ WKH P RVW VWUL N L QJ GL o HUHQFH EHWZ HHQ WKH WKUHH VHO HFWL RQ SUREO HP V
DERY H L VWKDWWKHL UGL DJRQDO VGL o HUUHqHFWL QJ WKHL UGL o HUHQWUHO DWL Y H L P SURY H
P HQW SRWHQWL DO V 2 QH Z D\WR L QFRUSRUDWH WKL V DVSHFW DV Z HO ODV VHFXUL QJ D
Z HDND[ L RP L V WR UHVWUL FW P RQRWRQL FL W\WR VHO HFWL RQ SUREO HP V KDY L QJ WKH VDP H
GL DJRQDODV L Q FRP SUHKHQVL Y H P RQRWRQL FL W\EHO RZ 
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7 KH EHQFKP DUNRIWKL V SUREO HP P XVW Z HDN O \GRP L QDWH WKH
EHQFKP DUNRIDQ\VHO HFWL RQ SUREO HP Z L WK Hr FL HQW UHI HUHQFH SRL QW DQG FRP 
P RQ GL DJRQDO Z KHUH WKH Z HDN GRP L QDQFH VHWL VL QFO XGHG L Q WKH I UHH GL VSRVDO
KXO ORIWKH Z HDNGRP L QDQFH VHW RI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$FFRUGL QJ WR 7 KHRUHP WKH UHT XL UHP HQWV I RU EHQFKP DUNVHO HFWL RQ UHSUH
VHQWHG E\ Hr FL HQF\ DQG FRP SUHKHQVL Y HP RQRWRQL FL W\ L P SO L HVWKDWEHQFKP DUN
VHO HFWL RQVDUHHr FL HQWSURGXFWL RQ SO DQVZ KL FK GRP L QDWHWKHUHI HUHQFHSURGXF
WL RQ SO DQ) L JXUH  L O O XVWUDWHV D VSHFL pF H[ DP SO H L QY RO Y L QJ WZ R QHW RXWSXWV
* L Y HQ WKHL QHr FL HQWSURGXFWL RQ SO DQ D DQG WKHWHFKQRO RJ\ <  WKHEHQFKP DUN
)LJXU H  7KH SRVVLELOLW\ RI PXOWLSOH EHQFKPDUNV
VHO HFWL RQV WKDW VDWL VI \$ [ L RP  DQG  DUH JL Y HQ E\WKH C FRUQHU SRL QWV
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$ Q L P SRUWDQW FRQVHT XHQFH RIWKH DERY H D[ L RP DWL F V\ VWHP L V WKDW L IWKH
Z HDNGRP L QDQFH VHWVDUH L GHQWL FDOI RU WZ R EHQFKP DUNVHO HFWL RQ SUREO HP V
D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D Q G D< ￿  LH  ' D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WKHQ WKHVH SUREO HP V VHO HFW WKH
VDP H EHQFKP DUN , Q RWKHU Z RUGVWKH VKDSH RIWKH SURGXFWL RQ VHW RXWVL GH
WKH Z HDNGRP L QDQFH VHW GRHV QRW L QqXHQFH WKH EHQFKP DUNVHO HFWL RQ1RWH
KRZ HY HUWKDW WZ R L QFRP SDUDEO H SURGXFWL RQ SO DQV DDQG EZ KHUH QHL WKHU
E' D< QR UD  '  E<  P D\ EH FRP SDUHG L QGL UHFWO \ XQGHUDQ DVVXP S
WL RQ DERXWFRQVWDQWUHWXUQVWR VFDO H E\ VFDO L QJ WKHP VXFK WKDWWKH\ EHFRP H
FRP SDUDEO H
: H FRQVL GHU WKH I DFW WKDW EHQFKP DUN V DUH VHO HFWHG I URP WKH Z HDNGRP L 
Q D Q F H V H W R Q O\ D V D IR U F H R I W K H D [LR P D W LF V \V W H P V LQ F H LW LV LQ OLQ H ZLW K S U R 
GXFWL RQ HFRQRP L FVVWDWL QJ WKDWZ L WKRXWI XUWKHUL QI RUP DWL RQ VXFK DVI RUH[ 
DP SO HD VHWRI SUL FHVGRP L QDQFHL VWKHRQO \ SUL QFL SO HO HI WWR UDQN SURGXFWL RQ
SO DQV L Q WKH QHWRXWSXWVSDFH￿ , Q WKH O L WHUDWXUH RQ Hr FL HQF\P HDVXUHP HQW
VXFK DQ C D[ L RP 
 RI GRP L QDQFHL VDO VR Z HO O  N QRZ Q) RUH[ DP SO H +RXJDDUG DQG
. HL GL QJ 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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) DUUHO ODQG )  DUH / RY HO OL QGL FHV
 8QLTXH EHQFKPDU N VHOHFWLRQ
, W P L JKW EH FRQVL GHUHG XQI RUWXQDWH WKDW 7 KHRUHP  FKDUDFWHUL ]HV D I DP L O \
RIEHQFKP DUN V UDWKHU WKDQ D XQL T XH VHO HFWL RQ HY HQ WKRXJK L QWXL WL RQ VXJJHVWV
WKDW P XO WL SO L FL W\RIEHQFKP DUN V RFFXUV Y HU\UDUHO \ ) RU H[ DP SO HL Q ) L JXUH
L W FDQ EH QRWHG WKDW D VP DO OSHUWXEDWL RQ P RY L QJ DDZ D\ I URP WKH GL DJRQDO
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D< UHVXO WVL Q XQL T XHQHVV0 RUHRY HU FRQVL GHUWKH I RO O RZ L QJ H[ DP SO H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VXP L QJ WKDW D[ L RP V  DQG  DUH VDWL VpHG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FKDO O HQJH WR REWDL Q XQL T XHVV7 KXV WKL VVHFWL RQ Z L O O FRQVL GHUDGGL WL RQDO D[ 
LR P V ZK LF K OH D G W R D X Q LTX H E H Q F K P D U N V H OH F W LR Q  7K H J H Q H U D O LG H D LV W R
SRVWXO DWH WKH H[ L VWHQFH RID XQL T XH VHO HFWL RQ Z L WK FHUWDL Q SURSHUWL HV RQ D
Y HU\VP DO OFO DVV RIVHO HFWL RQ SUREO HP V 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￿ &OHDUO\ GRPLQDQFH GRHV QRW KDYH WR EH FRQpQHG WR WKH FRQH 5P
￿ ￿ :H PD\ FRQVLGHU DQ\
￿ODUJHU￿ IDPLO\ RI FRQHV RU RWKHU VHWV LQFOXGLQJ 5P
￿ ￿ 6XFK DQ DSSURDFK LV HDVLO\ LQFOXGHG
LQ RXU IUDPHZRUN￿ +RZHYHU WKH QRWLRQ RI GRPLQDQFH WKHQ ORVHV LWV HFRQRPLF UHOHYDQFH￿
$VVXPH WKDW VRPH GHFLVLRQ PDNHU FKRRVHV EHQFKPDUNV DFFRUGLQJ WR D XWLOLW\ IXQFWLRQ X RQ
WKH VHW RI SURGXFWLRQ SODQV￿ ,I X LV XQNQRZQ ￿DV LV XVXDOO\ WKH FDVH￿ WKHQ LW LV ZHOO￿NQRZQ
WKDW LI GRPLQDQFH LV FRQpQHG WR WKH SRVLWLYH FRQH 5P
￿ HDFK XWLOLW\ IXQFWLRQ X REWDLQV LWV
PD[LPXP DPRQJ WKH VHW RI XQGRPLQDWHG SURGXFWLRQ SODQV DQG HDFK XQGRPLQDWHG SODQ LV
RSWLPXP IRU VRPH XWLOLW\ IXQFWLRQ X￿
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7 R EH P RUH VSHFL pF Z H DGG DQ D[ L RP RIDr QH L QY DUL DQFH VWDWL QJ WKDWWKH
FKRL FH RIEHQFKP DUNVKDO OQRW GHSHQG RQ WKH XQL WV RIP HDVXUHP HQW I RU WKH
QHW RXWSXWV0 RUHRY HUZ H DO VR DGG DQ D[ L RP RIL QGHSHQGHQFH RIL UUHO HY DQW
SURGXFWL RQ SO DQVVWDWL QJ WKDWL I D JL Y HQ SO DQ L VFKRVHQ DVEHQFKP DUN I RUVRP H
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1RWH WKDW L QGHSHQGHQFH L V RQO \UHT XL UHG I RU WKH FO DVV RIVHO HFWL RQ SURE
O HP V KDY L QJ WKH VDP H L GHDOSURGXFWL RQ SO DQ DQG WKH GL o HUHQFH EHWZ HHQ WKH
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GRP L QDQFH VHW
+RZ HY HUD[ L RP V RIFRQVL VWHQF\DUH QRW HQRXJK7 KHUH Z L O OEH VHO HFWL RQ
SUREO HP V Z KHUH Z H DUH I RUFHG WR UDQNWKH QHW RXWSXW GL P HQVL RQV DFFRUGL QJ
WR WKHL U L P SRUWDQFH L Q RUGHU WR REWDL Q XQL T XHQHVV, I I RU H[ DP SO HZ H HQG XS
L Q D V\ P P HWUL F VL WXDWL RQ DV L Q WKH H[ DP SO H DERY H I RU   Z H DUH I RUFHG
WR SUHI HU L P SURY HP HQWV L Q RQH QHW RXWSXW WR L P SURY HP HQWV L Q WKH RWKHU
& O HDUO \  VXFK D FKRL FHFDQQRWEHI RXQGHG RQ DQ\ RY HUDO O WKHRUHWL FDO DUJXP HQW
EXWP XVWEH DG KRF￿
$ V D FRQVHT XHQFH Z H DUH I RUFHG WR DVVXP H WKH H[ L VWHQFH RID VRO XWL RQ RQ
VRP H FO DVV RIVHO HFWL RQ SUREO HP V DQG FO HDUO \ WKL V FO DVV RXJKW WR EH DV VP DO O
DV SRVVL EO H 0 RUHRY HUVXFK D VHO HFWL RQ P XVW EH FRP SDWL EO H Z L WK WKH RWKHU
D[ L RP V DQG KHQFH VRP H SURSHUWL HV QHHG WR EH L P SRVHG, P DJL QHI RU H[ DP 
S OH  W K D W D G H F LV LR Q P D NH U LV F R Q IU R Q W H G ZLW K D V H U LH V R I S D U W LF X OD U O\ V LP S OH
VHO HFWL RQ SUREO HP V Z KL FK DUH QRUP DO L ]HG E\Dr QH L QY DUL DQFH DQG FRQVL VWV RI
WKH SURGXFWL RQ SO DQWKH XQL W Y HFWRUV DQG WZ R DGGL WL RQDOSURGXFWL RQ SO DQV
Z L WK L GHQWL FDO P L QL P DO FRRUGL QDWHDQG WKHQ L VDVN HG WR FKRRVHD EHQFKP DUN
I RU HDFK SUREO HP 7 KL V VHO HFWL RQ FDQQRW EH P DGH DW UDQGRP VL QFH DW O HDVW
L W KDV WR FRP SO \Z L WK D[ L RP V  DQG 0 RUHRY HUZ H VKDO ODVVXP H WKDW WKH
SUHI HUHQFH L QGXFHG E\WKH VHO HFWL RQ VDWL pHV Z HDNWUDQVL WL Y L W\DQG FRQWL QXL W\
UHT XL UHP HQWV L Q RUGHU WR HQDEO H H[ WHQVL RQ RIWKH VHO HFWL RQ WR WKH HQWL UH GR
P DL Q1RWH WKDW WKH O H[ L FRJUDSKL F VHO HFWL RQ SURFHGXUH L V D VWUDL JKWI RUZ DUG
H[ DP SO H RID VHO HFWL RQ Z KL FK VDWL VpHV D[ L RP  DQG  DQG VHFXUHV D XQL T XH
VHO HFWL RQ RIEHQFKP DUN +RZ HY HUWKH L QGXFHG SUHI HUHQFH L V QRW FRQWL QXRXV
VR D Z HDN HUI RUP RI FRQWL QXL W\ L VUHT XL UHG/HP P D  L Q WKH DSSHQGL [ HVWDE
O L VKHV VXFK Z HDNFRQGL WL RQV XQGHU Z KL FK D SUHI HUHQFH UHO DWL RQ KDV P D[ L P DO
HO HP HQWV
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￿6XSSRVH￿ IRU H[DPSOH￿ WKDW WKH PRGHO FRQVLVWV RI RQH LQSXW SURGXFLQJ RQH RXWSXW DQG
ZH HQG XS LQ D V\PPHWULF VLWXDWLRQ OLNH DERYH￿ ,Q WKLV FDVH RQH FDQ HLWKHU VHOHFW WKH EHQFK￿
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